Introduction
Medicinal and aromatic plants are nowadays becoming the main constituents for medicines, colorings, preservatives, and fragrances. Moreover, due to the novelty of these plants, a strong return to the use of herbs in medicine was established, motivated by financial and health reasons (Craker, 2007) . The last two decades witnessed a remarkable development in medicinal plant research that introduced many new plants with remarkable constituents to be utilized in phytoindustries (Başer, 2005) . According to some records, there are about 50,000-80,000 flowering plant species classified as medicinal plants around the world (Sharma et al., 2010) including 485 species growing in Jordan (Al-Qura'n, 2011) .
Thymbra spicata L. var. spicata is a medicinal plant that belongs to the family Lamiaceae, and it is a member of the genus Thymbra that consists of about 400 species reported to be found around the Mediterranean region, West Europe, North Africa, and Japan (Daneshvar-Royandezagh et al., 2009 ). This plant is used as a spice as well as a preservation agent in the food industry in most of the Mediterranean region (Akine et al., 2010; İnan et al., 2011) . The dried plant is also used for treating asthma, colic, bronchitis, and coughs (İnan et al., 2011) . Additionally, due to the presence of carvacrol, the main chemical component in this plant, Thymbra spicata L. var. spicata was reported to have strong antifungal and antibacterial activities against some well-known soil-borne diseases such as Fusarium moniliforme, Rhizoctonia solani, Sclerotinia sclerotiorum, and Phytophthora capsici in addition to Staphylococcus aureus and Salmonella typhimurium bacteria (MullerRiebau et al., 1997; Akin et al., 2010) .
Meanwhile, Thymbra spicata L. var. spicata is endangered due to overcollection of this medicinal plant for both food and phytoindustry (Akine et al., 2010) . In view of the importance of this medicinal plant in the health care, food, and biocides industries, it is imperative to have a global concern about the loss of such a valuable herb and to establish new programs for the conservation of this plant.
Slow-growth conservation is a very simple tissue culture technique in which the growth rate of the tissuecultured plant is reduced, which extends the intervals between subcultures (Engelmann, 1991; El-Dawayati et al., 2012) . This can be achieved by reduced temperature and light conditions, use of growth retardants (osmotic agents and abscisic acid), and limited carbohydrate availability (Engelmann, 1997; Paunescu, 2009 ). Many medicinal plants were successfully conserved in vitro using slow-growth conservation techniques, such as Artemisia herba-alba (Sharaf, 2010) Teucrium polium L. (Rabba'a et al., 2012) , and Achillea fragrantissima (Younis, 2012) . Although it is of high priority, the effect of slowgrowth conservation on the chemical profile of prestored medicinal plants after conservation was not extensively investigated (Hemant et al., 2012) .
This research aimed to analyze in vitro-stored Thymbra spicata L. var. spicata microshoots' growth, recovery, volatile oil yield, and carvacrol content after exposure to different slow-growth conservation treatments.
Materials and methods

2.1.
In vitro establishment of Thymbra spicata L. var. spicata mother stock Mature seeds of Thymbra spicata L. var. spicata were provided by the Royal Botanic Garden (RBG; Tell AlRumman, Jordan). The seeds were washed under running tap water for 20 min and then immersed in 20% sodium hypochlorite for 10 min before rinsing three times with sterile distilled water under a laminar air-flow cabinet. Next, the seeds were soaked in 70% ethanol (v/v) for 30 s before being rinsed with sterile distilled water three times.
Preliminary experiments were conducted to obtain the optimum media for seed germination, and the best seed germination rate was obtained (data not shown) in a medium that consisted of a water medium (WM) (water and 8 g L -1 agar (Bacto agar)) supplemented with 1 mg L -1 gibberellic acid (GA 3 ; to induce seed germination) under growth-room conditions of 24 ± 1 °C and 16/8 (light/dark) photoperiod at 45-50 μmol m -2 s -1 irradiance. After seed germination, seedlings of Thymbra spicata L. var. spicata (1.0 cm long) were subcultured into a hormone-free MS medium (HF-MS) supplemented with 0.1 M sucrose for 1 week to remove the carry-over effects of the plant growth regulator (GA 3 ). Next, other preliminary experiments were conducted to obtain the optimum media needed for microshoot proliferation, and the best results were recorded (data not shown) in a growth medium that consisted of a solid full-strength MS (Murashige and Skoog, 1962 ) medium premix (Sigma Aldrich Murashige and Skoog basal salt mixture) supplemented with 1 mL L -1 MS vitamin mixture (Sigma Aldrich Murashige and Skoog Vitamin Powder, 1000×), 0.1 M sucrose, 0.6 mg L -1 benzylaminopurine (BAP), and 0.02 mg L -1 indole butyric acid (IBA). Subculturing was performed every 4 weeks for fresh MS media as described above and cultures were kept in the growth room under a daily regime of 16 h of light, 8 h of dark and 24 ± 1 °C.
2.2. Slow-growth conservation 2.2.1. Effects of osmotic agents and ABA For the slow-growth conservation experimental part, a chemical technique for slowing the growth rate of the microshoots was used, as elevated levels of osmotic agents were added to HF-MS medium to be used later on as a conservation medium. Microshoots of Thymbra spicata L. var. spicata (1.0 cm long) were subcultured into HF-MS medium and 0.1 M sucrose for 1 week to remove the carry-over effects of the plant growth regulators. Next, microshoots were gradually subcultured into HF-MS medium supplemented with different concentrations (0, 0.1, 0.2, 0.3, or 0.4 M) of osmotic agents (sucrose, sorbitol, and or mannitol) or abscisic acid ABA (0, 3.8, 7.6, or 11.4 µM) as described by Rabba'a et al. (2012) . The control treatment for the osmotic agent experiments was HF-MS medium supplemented with 0.1 M of each sugar type, while the control for the ABA experiment was HF-MS medium supplemented with 0.1 M sucrose. Each treatment consisted of 5 replicates containing 4 microshoots for each treatment. Data were recorded by the end of the storage period (12 weeks) for microshoot responses in terms of growth (shoot height and rooting) and microshoot quality (stem end browning and shoot tip browning). At the end of the 12-week conservation period, the microshoots were transferred to fresh solid HF-MS medium supplemented with 0.1 M sucrose under growth-room conditions for 4 weeks.
Regrowth percentages were recorded at the end of the first subculture interval (4 weeks) that followed the 12-week conservation period. 2.3. Determination of oil yield and carvacrol concentration 2.3.1. Plant material Microshoots of Thymbra spicata L. var. spicata (taken only from the slow-growth conservation experiments, which gave the best results after conservation) underwent several subculturing intervals to establish a mother stock for determination of total oil yield and carvacrol content. Samples were also taken in April 2013 from aerial parts of the wild mother plant (growing at the RBG) and from tissue-cultured microshoots. The analyses and quantification experiments for total oil yield and carvacrol content were conducted at Faculty of Pharmacy of the University of Jordan.
Oil yield extraction
Microshoots from each treatment were dried in a special cabinet at 28-30 °C and kept after drying in paper bags at 4 °C. Next, the dried material from each treatment was divided into 3 replicates with 2 samples per replicate (sample dry weight = 3.0 g) and blended individually, then added to 200 mL of distilled water before being placed in a Clevenger-type apparatus and subjected to hydrodistillation for 1 h. The collected oil from each sample was dried using anhydrous sodium sulfate and data were recorded on a V/W basis. The collected oil samples were then stored in amber vials at 4 °C before gas chromatographic-mass spectrophotometric (GC-MS) analysis.
GC-MS analysis
The GC-MS method was used for the identification and quantification of the marker compound carvacrol in the volatile oils. The GC type was the Varian Chrompack CP 3800 supplied with MS detector Varian Saturn 2200 and DB-5 low bleed GC-MS capillary column (HP-5, 30 m length × 0.25 mm ID × 0.25 µM df, Phenomenex, USA). The oven temperature was raised from 60 to 250 °C with a 2 °C min -1 slope. The temperature of both the detector and the injector was fixed at 250 °C. The used gas carrier was extra pure helium at 1 mL/min flow rate with a total run time of 22 min. The MS detector had the following specifications: full scan mode from 35 to 650 mz -1 and emission current of 70 eV.
A standard calibration curve was prepared by diluting carvacrol stock solution (Sigma-Aldrich) at four points (1, 2, 3, 4 µL) in 1 mL of n-hexane. Also, from each collected oil sample, 1 µL was diluted in n-hexane with a final volume of 1 mL before 1 µL from the final volume was injected into the GC instrument. Carvacrol concentration was determined according to the following equation provided by the calibration curve: y = ax + b, where: y is area, a is a constant, x is carvacrol concentration, and b is a constant.
Experimental design and statistical analysis
All treatments of the slow-growth conservation experiments described above were arranged in a completely randomized design. Each treatment consisted of five replicates with four microshoots per replicate. For determination of oil yield and carvacrol content, three replicates with two samples per replicate were taken from each treatment. The collected data were statistically analyzed using SPSS. Standard error was calculated for all the treatments. Meanwhile, analysis of variance (ANOVA) was used to analyze the obtained results for shoot height, total volatile oil yield, and carvacrol concentrations and means were separated with a probability level of 0.05 according to Tukey's honestly significant difference (HSD) test.
Results
Effects of osmotic agents and ABA
Increasing sucrose concentration in the storage media was able to reduce growth in Thymbra spicata L. var. spicata microshoots, as shown in Table 1 . By the end of the in vitro conservation period, the maximum shoot height (2.9 cm) was recorded in microshoots stored in 0.1 M sucrose (the control) compared to 1.3 cm obtained by microshoots stored in 0.3 or 0.4 M sucrose, as shown in Table 1 and Figure 1a .
Rooting increased when microshoots were stored on 0.1 M sucrose, with 80% rooting recorded compared to 45% rooting recorded for microshoots stored on the sugar-free storage media. On the other hand, increasing the sucrose level to 0.2 or 0.3 M resulted in a decrease in rooting, which was fully inhibited when the microshoots were stored on 0.4 M sucrose as shown in Table 1 .
Moreover, by the end of the 12-week conservation period, full stem end and shoot tip browning was recorded in all stored microshoots, as shown in Table 1 .
The results also showed that high levels of sorbitol in the media were able to reduce growth in Thymbra spicata var. spicata microshoots, and the minimum shoot height was 1.0 cm obtained by microshoots stored on 0.4 M sorbitol, compared to 1.9 cm recorded in those stored on 0.1 M sorbitol (the control), as shown in Table 1 and Figure 1b . Moreover, rooting was fully inhibited as sorbitol concentration exceeded 0.1 M, as shown in Table 1 . The quality of the in vitro-stored microshoots was severely affected as full shoot tip and stem end browning was recorded on microshoots stored in all sorbitol levels, as shown in Table 1 .
Moreover, adding elevated concentrations of mannitol to the storage media adversely affected microshoot height of Thymbra spicata L. var. spicata. By the end of the storage period the minimum shoot height (1.0 cm) was recorded in microshoots stored on 0.4 M mannitol compared to 1.6 cm recorded in those stored on 0.1 M mannitol (the control), as shown in Table 1 . A complete inhibition in rooting was obtained as mannitol was added to the media at all levels compared to 45% rooting recorded in microshoots stored on sugar-free media as shown in Table 1 . Additionally, 100% stem end and shoot tip browning was recorded in the in vitro-stored microshoots at all mannitol levels, as shown in Table 1 .
In ABA treatments, a decrease in microshoot height increment was recorded when 3.8 µM ABA was added to the media compared to the control (ABA-free media), as shown in Table 2 . On the other hand, full inhibition in microshoot growth was obtained when ABA level in media was increased to 7.6 and 11.4 µM, respectively, as shown in Table 2 . Moreover, rooting was fully inhibited in all stored Thymbra spicata L. var. spicata microshoots when ABA was added to the media at all levels compared to the control, which recorded 85% rooting as shown in Table 2 . Microshoot quality severely declined in all ABA treatments, as shown in Table 2 .
For regrowth results, 100% recovery was recorded when microshoots stored on 0.1 or 0.2 M sucrosesupplemented media were subcultured into normal MS growth media, as shown in Figure 2a . On the other hand, regrowth was negatively affected as sucrose level exceeded 0.2 M, as only 20% of microshoots stored on 0.3 M sucrose media resumed growth, while those stored on 0.4 M sucrose died after subculturing, as shown in Figure 2a .
The results also indicated that using 0.2 M sucrose during the storage period reduced growth significantly, extended the subculture interval, and maintained regrowth at full capacity, which made this concentration recommended for in vitro conservation of Thymbra spicata L. var. spicata microshoots.
Regrowth was also negatively influenced by increasing sorbitol levels in the media. The maximum regrowth percentages were recorded by microshoots stored on 0.1 and 0.2 M, sorbitol while increasing the sorbitol level to 0.3 and 0.4 M resulted in decreasing regrowth percentage to 15% and 0.0%, respectively, as shown in Figure 2b .
The obtained results showed that mannitol caused death of all microshoots subcultured on normal growth media when mannitol levels exceeded 0.1 M, as shown in Figure 2c . This would indicate that mannitol was not a proper choice as an osmotic agent for slow-growth conservation of Thymbra spicata L. var. spicata. Table 2 . Effect of ABA treatments on growth and quality of in vitro-conserved microshoots of Thymbra spicata L. var. spicata after 12 weeks of storage.
ABA (µM)
Concentration
Shoot height (cm) Rooting (%) Stem end browning (%) Shoot tip browning (%) 0.0 (control) 2.9 ± 0.10 a* 85 ± 16.60 100 ± 0.00 100 ± 0.00 3.8 1.7 ± 0.11 b 0.0 ± 0.00 100 ± 0.00 100 ± 0.00 7.6 1.0 ± 2.00 c 0.0 ± 0.00 100 ± 0.00 100 ± 0.00 11.4 1.0 ± 0.00 c 0.0 ± 0.00 100 ± 0.00 100 ± 0.00 *Values represent means ± standard errors. For shoot height, means within column having different letters are significantly different according to Tukey HSD at P ≤ 0.05. Moreover, regrowth severely declined in the microshoots after conservation in ABA treatments, as shown in Figure 2d . Microshoots stored at 3.8 µM recorded 75% regrowth after being subcultured on normal growth media compared to a 100% regrowth rate obtained by the control as shown in Figure 2d . On the other hand, increasing the ABA level to 7.6 and 11.4 µM resulted in death of all the microshoots after subculturing, as shown in Figure 2d. 
Effect of slow growth conservation on total oil yield and carvacrol concentrations
After hydrodistillation and GC-MS analysis, the results revealed that the total volatile yield of oils extracted from Thymbra spicata L. var. spicata dried microshoots that were prestored in 0.2 M sucrose produced 6.0% oil yield, which was very close to the quantity obtained from the wild mother plant and much greater than the yields obtained from all other slow-growth conservation treatments as shown in Table 3 . Moreover, oil yields obtained from microshoots prestored in 0.1 M sorbitol or mannitol treatments were nearly the same as the amount extracted from microshoots grown under normal tissue culture conditions (0.1 M sucrose-supplemented MS media) as shown in Table 3 . However, this was not the case in the microshoots prestored in ABA-supplemented media, as microshoots remained stunted, very tender, and watery even after several subculturing intervals (data not shown), which could have resulted in lowering the amount of oil yield extracted after hydrodistillation (1.7%), as shown in Table 3 .
Data also revealed that carvacrol concentrations varied with slow-growth conservation treatments. The maximum carvacrol level (9.7 × 10 -4 M) was obtained in microshoots prestored in 0.2 M sucrose, which was even higher than the carvacrol extracted from the wild mother plant. Meanwhile, the carvacrol levels obtained from microshoots prestored in either 0.1 M sorbitol or mannitol (4.2 × 10 -4 , 4.1 × 10 -4 M) respectively were very closed to the carvacrol amount obtained in the tissue-cultured microshoots (4.3 × 10 -4 M) grown in vitro under normal conditions, as shown in Table 3 .
Discussion
Elevated levels of osmotic agents (sucrose, sorbitol, mannitol) were able to decrease microshoot growth of Thymbra spicata L. var. spicata and extend the subculturing interval. Similar results were obtained by Rabba'a et al. (2012) , Skalova et al. (2012) , Younis (2012) , and LopezPuc (2013) when they used high levels of either sucrose or sorbitol in media during in vitro conservation of orchid Teucrium polium, Smallanthus sonchifolius, Achillea fragrantissima, and orchid Epidendrum chlorocorymbos Schltr., respectively. Also, in many plant species, mannitol proved to be a very effective osmotic agent in suppressing shoot growth and extending subculture interval, such as in Chrysanthemum morifolium, Smallanthus sonchifolius, Piper aduncum, and Piper hispidinervum, respectively (Shibli et al., 1992; Silva and Pereira, 2011; Skalova et al., 2012) .
Rooting results obtained in the osmotic agent experiments were in full agreement with results obtained during slow-growth conservation of tobacco (Lipavska and Vreugdenhil, 1996) , bitter almond (Shibli et al., 1999) , wild pear (Tahtamouni et al., 2001 ), African violet (Mogs et al., 2003) , and wild shih (Sharaf, 2010) .
Moreover, these osmotic agents (sucrose, sorbitol, mannitol) were reported to inhibit most growth activities of the explant during slow-growth conservation due to their ability to induce osmotic stress, reduce hydric potential, and restrict water availability and yet minimize cell expansion and division (Shibli et al., 2006; Silva and Pereira, 2011) . A severe decline in the quality of the stored Thymbra spicata L. var. spicata microshoots was obtained as osmotic agent concentration increased in the media. This might be due to the continuous accumulation of these carbohydrates as storage duration was extended, in addition to the continuous dehydration and accumulation of phenolic compounds (Tahtamouni et al., 2001) . Similar results were also obtained in Teucrium polium (Rabba'a, 2012) and Achillea fragrantissima (Younis, 2012) when similar osmotic agents were used at the same concentrations for the same storage period. Additionally, a decrease in explant quality was reported in Chrysanthemum morifolium Ramat (Shibli et al., 1992) and Pyrus syrica (Tahtamouni et al., 2001 ) after in vitro storage in MS media supplemented with elevated levels of sucrose.
The results also revealed that the majority of Thymbra spicata L. var. spicata microshoots stored with high levels of osmotic agent (0.3 and 0.4 M) died after subculturing. This could be due to the high accumulation of the osmotic agent, which might reach toxic levels in the media and result in death of the microshoots (Shibli et al., 1992) . Full death of in vitro-grown explants stored for 12 weeks was also obtained in wild crocus, African violet, and bitter almond (Shibli et al., 1999; Moges et al., 2004; Baghdadi et al., 2011) when 0.4 M sucrose or sorbitol was used in the storage media. Silva and Pereira (2011) reported that using elevated levels of sorbitol might be deleterious to plants depending on the plant species. Moreover, Hemant et al. (2010) reported declines in survival and regrowth in tissue culture storage of Podophyllum peltatum at high concentrations of mannitol. On the other hand, Skalova et al. (2012) reported the opposite results, as high survival rates were recorded when mannitol was used as a growth retardant during in vitro storage of Smallanthus sonchifolius. However, variations in plant responses to carbon sources during slow-growth conservation were described to be plant species-dependent (Silva and Pereira, 2011) .
Data showed that growth of Thymbra spicata L. var. spicata microshoots declined when ABA was added to the storage media. The decrease in microshoot growth in response to ABA addition to the storage media was also reported in persimmon and date palm (Ai and Luo, 2004) and pepper (Silva and Pereira, 2011) . This might be due to the nature of ABA's role in plants as it was always regarded as a growth retardant when used in tissue culture (Engelmann, 1991; Shibli et al., 2006; Rai et al., 2011) .
On the other hand, these results are in full disagreement with those obtained by Hwida and Abd ElKader (2012) , as they reported an increase in microshoot height in response to ABA concentration in the media in Balanites aegyptiaca L., which was justified by ABA's ability in inducing the adaptive response in plant cells and tissues toward the environmental stresses that arise by extending storage period, such as continuous dehydration and salt accumulation.
Moreover, rooting was fully inhibited in all stored Thymbra spicata L. var. spicata microshoots as ABA was added to the media at all levels compared to the control, which recorded 85% rooting as shown in Table 2 . Similar results were also obtained in Teucrium polium (Rabba'a et al., 2012) and Achillea fragrantissima (Younis, 2012) .
By the end of the 12-week storage period in ABAsupplemented media, both quality and regrowth had severely declined in the in vitro-conserved microshoots of Thymbra spicata L. var. spicata, as shown in Table 2 and Figure 2d . These results were in full agreement with Shibli et al. (1999) and Silva and Pereira (2011) when ABA was used for slow-growth conservation of bitter almond and pepper. This might be due to the detrimental effects of ABA on some plant species (Engelmann, 1991) .
Moreover, the results showed that dried samples taken from wild Thymbra spicata L. var. spicata plants produced higher oil yield than those obtained from tissue-cultured microshoots (whether prestored or not), as shown in Table 3 . This could be attributed to the amount of water provided to the in vitro-grown microshoots, which might had adversely affected the amount of oil yield, taking into account that irrigation provided to the wild Thymbra spicata L. var. spicata was limited only to rainfall. The obtained results agreed with Saifan (2009) , as a significant negative correlation between oil yield and water availability was found after analysis of volatile oil extracted from Thymbra spicata L. var. spicata aerial parts collected from Kufranja in northern Jordan.
Meanwhile, oil extracted from microshoots of Thymbra spicata L. var. spicata prestored in 0.2 M sucrose was very close in quantity to that obtained from the wild mother plant and much greater than that obtained from all other slow-growth conservation treatments, as shown in Table 3 . This could be attributed to the fact that during conservation the microshoots were under drought and osmotic stresses that resulted from adding elevated levels of the osmotic agent (0.2 M sucrose) to the storage media, in addition to the continuous dehydration and salt accumulation in both microshoot tissues and the storage media. All these factors might have resulted over time in providing a microenvironment that mimicked the stressing nature of the actual environment in which wild Thymbra spicata L. var. spicata grows. The influence of these stresses might also be carried over by the microshoots even after subculturing to regular tissue culture conditions and translated into a greater amount of oil yield. In other related studies, the amount and quality of the produced essential oil were reported to be functions of environmental factors besides the genetic makeup of the plant (Abdelmageed et al. 2013) . Moreover, Morales et al. (1993) explained that at the cellular level, drought and/or osmotic stress conditions could enhance the production of essential oil due to the decrease in the production of the primary metabolites, which would direct the intermediary products to synthesize more secondary metabolites. Osmotic stress was reported to influence the amount of the produced essential oil by affecting both the assimilation and the differentiation processes in the plant cell (Abdelmajeed et al., 2013) . For example, moderate osmotic stress was reported to increase both oil gland density and gland absolute number in mint, which was translated into an increase in oil production (Charles et al., 1990) .
Moreover, oil yields obtained from microshoots prestored in 0.1 M sorbitol or mannitol treatments were nearly the same as that extracted from microshoots grown under normal tissue culture conditions (0.1 M sucrose-supplemented MS media), as shown in Table 3 . Possibly, the prestored microshoots in either sorbitol or mannitol might have returned to their full capacity after subculturing in normal growth conditions and yet yielded oil in similar amounts to those obtained from microshoots grown under normal tissue culture conditions.
Carvacrol concentration also varied with slow-growth conservation treatments. The maximum carvacrol level (9.7 × 10 -4 M) was obtained in microshoots prestored in 0.2 M sucrose, as shown in Table 3 . Carvacrol was always reported to dominate where dry conditions prevailed (Miceli et al., 2006) . This might have resulted in increasing carvacrol concentration in T. spicata L. var. spicata microshoots prestored in 0.2 M sucrose, where osmotic stress and tissue dehydration prevailed during storage that might have mimicked the effect of natural dry conditions. Thus, using 0.2 M sucrose in the media for prolonged durations could be utilized to produce large amounts of both volatile oil yield and carvacrol in vitro, which are highly recommended in food and phytoindustries. Moreover, the minimum amount of carvacrol was extracted in ABA-prestored microshoots, which might be due to watery microshoots obtained after subculturing in normal conditions. Unexpectedly, the results have revealed that thymol and not carvacrol was the dominant volatile component in Thymbra spicata L. var. spicata (data not shown), which contrasted with many other studies (Toncer and Kizil, 2005; Akin et al., 2010; İnan et al., 2011) . However, many studies reported that the thymol chemotype was dominant in northern and western parts of Jordan where high rainfall conditions prevailed, while the carvacrol chemotype was widely spread in southern Jordan where dry conditions prevailed (Hudaib and Aburjai, 2007; Saifan, 2009 ). This could explain the results obtained in T. spicata L. var. spicata grown wild at Tell Al-Rumman in northern Jordan.
In vitro-grown Thymbra spicata L. var. spicata microshoots were successfully conserved under slowgrowth conditions using different treatments. The best results were obtained when 0.2 M sucrose was used in the storage media in terms of growth reduction during conservation and maintenance of microshoot regrowth at full capacity. The maximum amounts of total volatile oil yield and carvacrol were extracted from microshoots prestored on 0.2 M sucrose-supplemented media. This can be utilized to produce volatile oil and carvacrol in vitro in commercial amounts, which is highly recommended in food and phytoindustries.
